Plasma cells obtained from the peripheral blood of a patient with multiple myeloma was incubated in serum and Krebs-Ringer bicarbonate buffer with 14C-labeled glucose, acetate, and propionate. Glucose utilization by these cells amounted to 0.5 ,mole per hr per 108 cells and was mainly via the Embden-Meyerhof pathway, and only 6% or less traversed the hexose monophosphate shunt. The presence of Krebs cycle activity was demonstrated by direct isolation of several labeled intermediates after incubation with either "C-acetate or "C-propionate. In the present study, the metabolism by human plasma cells has been investigated in vitro with "4C-glucose, "4C-acetate, and '4C-propionate. The utilization of these substrates were determined, the extent of the pentose cycle was calculated, and the presence of a Krebs cycle was demonstrated in these cells.
Intermediary metabolism in leukocytes has been the object of intensive study for the past 15 years. The presence of the Embden-Meyerhof pathway and the pentose cycle in various types of leukocytes from different species have been demonstrated by radio tracer technique and enzyme studies. A recent review by Cline eloquently summarizes several aspects of metabolism in white blood cells (5) .
In the present study, the metabolism by human plasma cells has been investigated in vitro with "4C-glucose, "4C-acetate, and '4C-propionate. The utilization of these substrates were determined, the extent of the pentose cycle was calculated, and the presence of a Krebs cycle was demonstrated in these cells.
MATERIALS AND METHODS
Leukocytes were obtained from a patient who was suffering from multiple myeloma and who had a peripheral white blood cell count of 40,000 per mm' containing more than 80% plasma cells. Dextran was used for acceleration of red cell sedimentation and heparin was added as an anticoagulant. The leukocyte-rich plasma was centrifuged for 5 min at 120 X g. The supernatant fluid which contained platelets and remaining red cells was decanted, and the sedimented leukocytes were washed by suspension in 0.9% NaCl and then centrifuged at 60 X g for 5 min. Cell counts were obtained with an AO Spencer Hemocytometer, and differential counts were made of the final preparation on stained smears. All preparations were made in siliconized glassware and at room temperature.
Radioactive materials were obtained from the New England Nuclear Corp., Boston, Mass. They were checked by paper chromatography for contamination and were chemically degraded to establish radiochemical purity.
All experiments were carried out in siliconized 50-ml Erlenmeyer flasks provided with a center well. The main compartment contained the white cell preparation suspended in autologous serum and KrebsRinger bicarbonate buffer. The vessels were closed with serum caps and flushed with a gas mixture of 95% 02 and 5% CO2. The reaction was conducted at 37 C in a shaker with a stroke volume of 5 cm (80 strokes per min). After incubation, 2 ml of 2 N NaOH was injected in the center well and 1 ml of 6 N H2SO4 into the main compartment to terminate the reaction.
The liberated CO2 was allowed to diffuse into the NaOH for 12 hr at room temperature. The incubation mixture was then certrifuged for 10 min at 10,000 X g. The sediment was washed three times by suspension in 0.1 N H2SO4 followed by centrifugation. The combined supernatant solutions were extracted with ether continuously for 48 hr to obtain the extractable organic acids. After neutralization, the ether was evaporated and the salts chromatographed on a Dowex-1 formate column (4) . Individual organic acids were further purified by chromatography on an acid Celite column (15 
RESULTS
The incorporation of radioactivity into the products from "4C-glucose is shown in Table 1 . The glucose utilized was calculated from these values and found to be 0.47 ,moles, 0.45 ,umoles, and 0.51 ,umoles per hr per 108 cells with glucose-1-14C, glucose-6-"4C and glucose-2-'4C, respectively. The ether-extractable acids were composed almost entirely of lactate and acetate. The distribution of "4C in these acids is shown in Table 2 . When glucose-1-'4C and glucose-6-'4C were the labeled substrates, the methyl carbon (C-3) of lactate contained 95 and 99% of the '4C, respectively, which is as expected when the glucose is metabolized via the Embden-Meyerhof pathway. With glucose-2-"4C, there was some "4C in both C-3 and C-1 of the lactate, and the 14C distribution pattern in the lactate indicates that the plasma cell metabolized glucose to a small extent via the pentose cycle.
Several methods are available for a quantitative determination of the proportion of glucose metabolized via the pentose cycle. These methods have been discussed extensively by Wood, Katz, and Landau (17) . One model is based on the yields of radioactive CO2 obtained from incubation with glucose-1-"4C and glucose-6-"4C. a In experiment 1, each flask contained 32 ,umoles of glucose (1 ,uc) and 2.55 X 108 cells suspended in 7 ml of autologous serum. The differential count gave 90% plasma cells, 2% large lymphocytes, and 8% segmented cells. In experiment 2, the flask contained 23 MAmoles of glucose (2 uc) and 500 X 108 cells suspended in 5 ml of autologous serum and 10 ml of Krebs-Ringer-bicarbonate buffer. The differential count gave 94% plasma cells, 3% monocytes, and 3% segmented cells. Incubation time was for 2 hr at 37 C. The patient had been treated with nitrogen mustard derivatives intermittently, but was without treatment for several months at the time of the experiments. The time lapse between experiment 1 and 2 was 11 months. The neutral fraction from incubation with 14C-glucose was radioactive. Paper chromatography of it gave only one radioactive band, which corresponded to glucose. Elution and crystallization of this glucose followed by degradation with Leuconostac mesenteroides (2) showed that no randomization had occurred in the residual sugar.
The incorporation of acetate-1-14C into products of plasma cells is shown in Table 3 (Table 6 ). As expected, methylmalonate reflects the propionate and was labeled exclusively in C-3. The almost equal labeling of C-2 and C-3 of malate, aspartate, and lactate also reflects the pathway of propionate via succinate. The occurrence of 4C in the carboxyl groups of the dicarboxylic acids indicates that the metabolites were recycled in the Krebs cycle. The absence of significant radioactivity in C-4 and C-5 of the glutamate shows that very little, if any, acetate was derived from the labeled propionate.
DISCUSSION
The opportunity to study intermediary metabolism in plasma cells is indeed rare, and this investigation may be the first attempt. A few plasma cells commonly appear in the peripheral blood of patients with multiple myeloma. The plasma cells obtained in this study were isolated from a patient who exhibited an overwhelmingly predominant plasmacytosis and who also showed hyperglobulinemia and Benco-Jones proteinuria.
The glycolytic rates of plasma cells and lympho- 
